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EXPLORING THE DURAMAX 

Understanding Chevy’s New Electronic Diesel 

Diesel engines all fire their mix using high compression, and they need precisely controlled fuel 
delivery, both in regard to timing and volume. Diesels typically spin slower than gas-burners, but 
the torque that diesel engines are capable of producing is practically legendary. That’s one 
reason heavy-duty truck manufacturers went diesel on their heaviest platforms so many years 
ago. So, why does a diesel produce more torque? 

The firing events on a given four-cycle cylinder are 720 degrees apart, and 720 divided by 8 is 90. 
Thus, a properly tuned V8 has a firing event every 90 degrees. However, because all the fire has 
gone out in each cylinder by the time the crankshaft is 25 degrees into the power stroke for the 
firing piston, the cylinders on a gas-burning engine are only briefly slapping the crankshaft every 
90 degrees. The reason a diesel has so much more torque is that the fire starts later and diesel 
fuel burns slower; subsequently, the mix is burning and expanding all the way through the power 
stroke. 

A diesel engine has an unrestricted flow of air, and the amount of carbon monoxide produced by 
a diesel engine is negligible. Diesel engines do, however, produce substantial amounts of NOX, 
as well as some hydrocarbons and particulate matter. For 21st century diesel light trucks to 
operate within legal emissions limits, many have been fitted with catalysts and EGR systems. 
These new emissions-friendly diesels, like their older counterparts, depend very heavily on the 
precision with which the injection of fuel is controlled. Cummins diesel engines, depending on the 
platform, utilize either high fuel pressure of 17,000 psi and mechanically driven “top stop” 
injectors or pump-driven nozzles that pop at about 4,500 psi when provided with carefully timed 
bursts of fuel pressure from an electronically manipulated Bosch “smart pump.”  

For those unfamiliar with Ford’s Power Stroke diesel engine, it should be noted that it uses from 
500 to 3,000 psi of electronically controlled lube oil pressure applied to the top of a 7-to-1 
intensifier piston built into the injector itself. Because the 500 to 3,000 psi of control oil pressure is 
multiplied by seven, the fuel injection spray pressure runs from 3,500 to 21,000 psi.  

The Duramax diesel fuel system needs the same super pressures that all diesels need in order to 
properly inject the fuel. However, instead of using bursts of high fuel pressure or lube oil 
pressure, the Isuzu/Bosch team decided to jack the fuel pressure up continuously with a special 
pump and control the injection with a special module, high voltage and electronic injectors. 

Duramax fuel delivery 
Ford’s first-generation Power Stroke fuel pump used a two-stage fuel pump to bring the fuel from 
the tank to the engine and then pressurize it around 50 psi for delivery to the injectors. In 
comparison, the Duramax also uses a two-stage fuel pump, but rather than utilizing a diaphragm-
type pump for lift, a pair of spur gears is used to bring fuel from the supply. The spur gear pump 
creates about 5 inches of vacuum to draw fuel from the tank, where it first passes under the Fuel 
Injector Control Module (FICM). The FICM is a neatly boxed array of step-up transformers and 
electronics similar to the Power Stroke’s 

Injector Driver Module.  
The reason the fuel passes under the FICM is to keep the module cool. Then it is drawn through 
a heater-equipped filter/separator, which has a priming pump and a bleed screw, before reaching 
the two-stage fuel pump. The spur gears feed the fuel into the high-pressure side of the pump, 
which is a radial design with three pistons set 120 degrees apart. This camshaft-driven pump only 
consumes a fraction of the torque necessary to drive a normal injector pump and is capable of 
producing nearly 30,000 psi of fuel pressure. The pump pressure obviously must be regulated, 
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and for safety purposes, the Bosch folks designed a pop-off valve that feeds excess pressure 
back into the return side of the system.  

The fuel pressure is electronically controlled by the Fuel Rail Pressure Regulator (FRPR). The 
FRPR is a duty-cycle solenoid mounted in the pump and controlled by the Electronic Control 
Module (ECM) based on feedback from a sensor in the junction block that provides fuel to the 
supply rails. The FRPR duty-cycle operates in a 5 to 95 percent window, and unplugging the 
solenoid drives the fuel pressure to the maximum level instead of vice versa, as we might expect. 
The ECM increases pulse width to lower pressure, so if the solenoid receives a 100 percent duty-
cycle for some reason, pressure will be at its lowest, and performance will obviously degrade. A 5 
percent duty-cycle will produce a fuel pressure of 23,200 psi, and a 95 percent duty-cycle feed 
will produce a 5,000 psi reading. The pressure should never go below 3,000 psi; if it does, 
something is wrong. The Tech 2 scan tool provides target and actual fuel pressure readings for 
diagnostic purposes. 

A frame-mounted electric fuel pump is used on units with dual tanks, but it doesn’t directly provide 
fuel to the engine. It only transfers fuel from the auxiliary tank to the primary tank when the fuel 
level gets below a certain level. The ECM controls the relay that drives the pump and monitors 
the fuel level to determine when the pump should be energized. 

On the Power Stroke, the Injection Control Pressure regulator, which is similar but opposite in 
function to GM/Isuzu’s FRPR, operates on a duty-cycle from zero to 65 percent, and oil control 
pressure drops to zero with the regulator unplugged. If the ICP control wire shorts to ground, the 
pressure goes as high as 3,750 psi, relieved by a pop-off valve in the high-pressure oil pump. 
Use common sense safety practices when servicing any diesel system: While maximum control 
oil pressure on a Power Stroke can reach nearly 4,000 psi, the Duramax fuel system is pressure-
relieved at a blistering 27,550 psi. Cracking a fuel line loose on a running Duramax engine could 
easily be fatal. Don’t go there. And don’t fool with the Duramax fuel rail bleeder valve unless the 
engine is at rest and the pressure has been relieved. 

The junction block 
Fuel is fed from the high-pressure pump to a junction block that sends fuel to the “common rails,” 
which provide controlled fuel pressure to the injectors. The Fuel Rail Pressure (FRP) sensor is 
mounted in this junction block, along with the mechanically operated pressure relief valve. The 
sensor is a three-wire design that receives the familiar 5 volts and provides a signal return. If fuel 
pressure exceeds 27,550 psi, the relief valve unseats and bounces to maintain fuel pressure at 
that level. Relief pressure is vented into the return system through a line attached to the junction 
block. Remember, maximum controlled pressure is 23,200 psi, and anything above that should 
be compared to the scan tool reading of the FRPR pulse width the ECM is providing for detailed 
analysis. 

If the FRP sensor is removed from the junction block for any reason, GM procedures call for 
replacing the sensor with a new one. The soft iron seat will be deformed the first time the new 
sensor is torqued, and the old sensor might not seal properly if reused. 

Common rails and injectors 
The common rails are similar to the oil rails on a Power Stroke, but they carry fuel instead of oil, 
and they’re mounted externally instead of under the valve cover or cast into the cylinder head. 
The volume of each common fuel rail is 16 cubic centimeters and they serve as reservoirs to 
provide a constant volume of fuel and to dampen oscillations as the injectors operate. Short metal 
lines carry the fuel from the rail to each injector, and metal return lines return the fuel through a 
small radiator-like cooler. The return fuel must be free-flowing all the way back to the supply. 
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The Bosch injectors are directly in the center of the four-valve combustion chamber; this is a 
direct injection system with no precombustion chambers. The ECM is programmed to operate the 
injectors in two stages; an early, small shot of fuel starts the fire in the combustion chamber and 
is immediately followed by a larger amount of fuel. This strategy reduces noise and hydrocarbon 
emissions.  

The 7.3L Power Stroke engines have used basically the same split-shot injector strategy for 
years, but the primary difference is that the 7.3L Power Stroke nozzles had the split-shot design 
mechanically built into the injector itself. The new 6.0L Power Stroke handles split shot injection 
more like the Duramax, but it uses two solenoids and a special electronic strategy to provide the 
double injection for each injector cycle and still operates with high oil pressure. 

Diesel electronics, GM style 
Quite obviously, the heart of the Duramax electronic diesel is a Delphi 32U ECM, and it has been 
nestled in the same familiar corner of the engine compartment in GM trucks for a few years now. 
The ECM communicates with the Fuel Injector Control Module (FICM) on a 250,000 Baud rate 
J1939 CAN bus network (the new 6.0L Power Stroke also uses a CAN bus between its PCM and 
Injector Control Module). However, data exchanges with the scan tool Diagnostic Communication 
Link (DLC) are handled with Class 2 data protocol. Fuel injection quantity and timing are 
calculated in the ECM and sent to the FICM, where the step-up transformers juice normal system 
voltage up to a crisp 93 volts to operate the injectors sequentially with high-speed switching 
drivers. The Duramax cylinder numbering may confuse older Chevy lovers: They’re numbered 
exactly like the Power Stroke, with odd cylinders one through seven on the passenger-side bank 
and even cylinders two through eight on the driver’s-side bank. The firing order is 1-2-7-8-4-5-6-3 
– not that you’re likely to get anything crossed up. (Just for grins, the Power Stroke firing order is 
1-2-7-3-4-5-6-8.) 

Incidentally, the Tech 2 doesn’t talk directly to the FICM, but injector trouble codes are generated 
by the FICM and sent to the ECM when problems occur on that side of the system. GM says not 
to attempt harness repairs on the high-voltage side of the system, but to replace the harness if 
anything goes sour on the 93-volt circuits. Wiring repairs on the low-voltage side of the FICM and 
the rest of the ECM spider web can be handled in the normal manner.  

Looking for concerns 
My technician contact at the local high volume Chevy dealer reports very few problems with 
Duramax engines, and the problems that do occur don’t seem to repeat themselves. He 
mentioned one squeaky rocker arm and blown head gaskets on two different high-mileage 
vehicles, but no recurring problems. 

As for troubleshooting the Duramax, it’s best to use a strategy that won’t lead down rabbit trails. 
Verifying the concern is a good idea. Checking the air filter minder is another good practice. Also, 
check for unseated connectors, but be careful not to disturb things too much if you’re looking for 
an intermittent. Don’t risk probing the high-voltage wires leading to the injectors: Adhere to shop 
manual procedures for checking the 93-volt circuits. An electrically triggered heart attack could 
ruin your whole day. And once again, don’t open the fuel system until you’re sure the pressure is 
at safe levels. 

Yank the dipstick and look for low or nasty oil or overfull conditions that may indicate fuel 
contamination of the crankcase oil, among other things. Number 2 diesel usually has a specific 
gravity of 30 to 39 and Number 1 diesel gravity is from 39 to 44. GM’s tool number for measuring 
this is J 38641 B. Make sure the appropriate fuel is being used: Off-road diesel – dyed red or blue 
– is a no-no.  
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Check for restrictions or air leaks in the fuel supply line for hard-starting/low-power problems. 
Zero to 5 inches of mercury supply line vacuum is normal on a running engine. Measurements 
between 5 and 10 inches indicate the need for a filter change. After 15 inches, performance will 
degrade dramatically, and more than 20 inches of measured vacuum is enough to starve the 
engine into a no-start condition. For investigating air leaks in the supply line, a clear hose 
installed between the FICM outlet and the filter inlet works well.  

White smoke generally indicates intake heater or glow plug concerns. Black smoke comes from 
air leaks in the intake system downstream of the MAF sensor. Noisy or knocking combustion may 
indicate a leaking injector. Hunting idle concerns may indicate fuel pressure control problems. 

Plug in the scan tool and pay attention to DTCs, fuel pressure and temperature, target or desired 
readings versus actual values. Familiarizing yourself with normal scan tool readings on as many 
good vehicles as possible is a powerful tool for recognizing faults on any problem vehicle. 

  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

1. High-pressure pump is driven by the camshaft, but no timing marks are  
necessary. 

2. Supply fuel runs under the fuel injection control module (FICM) to keep  
it cool. 

 

 

 



SENSORS 

CRANK (CKP) SENSOR 
A HALL-EFFECT SENSOR USED TO CALCULATE RPM AND CRANKSHAFT POSITION, AS WELL AS TO MONITOR MISFIRES DURING THE 
FIRST 90 SECONDS OF ENGINE STARTUP. THERE IS A 60-MINUS-THREE TOOTH TRIGGER WHEEL MOUNTED ON THE FRONT OF THE 
CRANK GEAR, LEAVING 57 TEETH AND A THREE-TOOTH GAP TO PROVIDE A BREAK IN THE MAGNETIC FLUX. THIS IS A CRITICAL 
SIGNAL USED BY THE ECM AND FICM TO OPERATE THE INJECTORS. INTERESTINGLY, THE NEW 6.0L POWER STROKE CRANK 
SENSOR USES A 60-MINUS-TWO TOOTH WHEEL. 

CAM (CMP) SENSOR  
A HALL-EFFECT SENSOR USED IN CONJUNCTION WITH THE CKP SENSOR TO DETERMINE WHICH CYLINDERS ARE AT TDC 
COMPRESSION, THUS CALCULATING INJECTOR FIRING ORDER. THE CMP GENERATES THREE PULSES PER TWO CRANK 
REVOLUTIONS AND IS ONLY USED FOR INJECTOR INITIALIZATION ON STARTUP. 

FUEL RAIL PRESSURE  
(FRP) SENSOR 
A PRESSURE-SENSITIVE TRANSDUCER MOUNTED IN THE FUEL DISTRIBUTION JUNCTION BOX. IT RECEIVES A 5-VOLT REFERENCE 
FEED AND CONTAINS A TINY INTERNAL PRINTED CIRCUIT AND SOME ELECTRONIC EVALUATION HARDWARE THAT PROCESSES AND 
AMPLIFIES THE PRESSURE SENSOR SIGNAL BEFORE IT IS SENT BACK TO THE PCM. RANGE OF OUTPUT VOLTAGE IS FROM 0.5 TO 
4.5 VOLTS. ACCORDING TO GM, THE FRP SENSOR SHOULD ALWAYS BE REPLACED IF IT IS REMOVED FROM THE JUNCTION BOX 
FOR ANY REASON. IF THE SENSOR FAILS, THE ECM DEFAULTS TO “LIMP-IN” MODE, DERATING THE ENGINE AND LIMITING ENGINE 
SPEED TO 2,000 RPM. 

FUEL RAIL TEMPERATURE (FRT) SENSOR 
MOUNTED UNDER THE TURBOCHARGED AIR OUTLET DUCT, THE FRT SENSOR IS A TWO-WIRE NEGATIVE TEMPERATURE 
COEFFICIENT THERMISTOR THAT THE ECM USES TO MONITOR FUEL TEMPERATURE. BECAUSE THE FUEL PASSES THROUGH A 
SMALL RADIATOR-STYLE COOLER (MOUNTED UNDERNEATH THE CAB), CHECK FOR CLOGGED COOLER FINS IF THE FUEL 
TEMPERATURE CLIMBS TOO HIGH. 

ENGINE COOLANT TEMP (ECT) SENSOR 
OPERATES IN TWO STAGES USING A STEP-UP CIRCUIT IN THE ECM. FROM -40°C TO 50°C, THE VOLTAGE DROPS STEADILY FROM 
JUST UNDER 5 VOLTS TO 0.96 VOLTS. AT 50°C, A CURRENT SWITCH TAKES PLACE IN THE ECM. THE ECT VOLTAGE JUMPS BACK 
UP TO JUST ABOVE 3.5 VOLTS, THEREAFTER DECREASING AT ABOUT THE SAME RATE. IT USUALLY STABILIZES AT AROUND 1 TO 2 
VOLTS WITH THE ENGINE AT NORMAL OPERATING TEMPERATURE. THIS STEPPED ECT STRATEGY HAS BEEN USED BY GM AND 
CHRYSLER FOR SEVERAL YEARS NOW. 

INTAKE AIR TEMP SENSOR 
BUILT INTO THE MAF SENSOR, IT PROVIDES TEMPERATURE OF INCOMING AIR. OPERATION IS SIMILAR TO THE ECT SENSOR. 

MASS AIRFLOW  
(MAF) SENSOR  
THE MAF PROVIDES THE ECM WITH INFORMATION ON INCOMING AIR MASS AND DENSITY. DEBRIS ON THE MAF SENSOR WILL 
OBVIOUSLY DEGRADE ENGINE PERFORMANCE. 

VEHICLE SPEED  
SENSOR (VSS) 
THE VSS CONTAINS A MAGNET THAT ROTATES INSIDE A WINDING AND PRODUCES AN AC CURRENT THAT INCREASES IN 
AMPLITUDE AND FREQUENCY WITH VEHICLE SPEED. THE AC SIGNAL IS CONVERTED TO A DIGITAL SIGNAL BY THE VSS BUFFER 
CIRCUIT IN THE ECM. 
 

BOOST SENSOR 
THE BOOST SENSOR MEASURES INTAKE MANIFOLD PRESSURE, A CRITICAL INPUT FOR THE ECM ON A TURBOCHARGED ENGINE. 
THE ECM CONSIDERS BOOST SENSOR INFORMATION FOR LOAD-SENSING PURPOSES TO ASSIST IN FUEL AND TIMING 
REQUIREMENTS. ALSO, A BARO SENSOR IS MOUNTED ON THE LEFT VALVE COVER FOR ALTITUDE MODIFICATION TO FUEL 
STRATEGY. 
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ACCELERATOR PEDAL  
POSITION (APP) SENSOR 
THE DURAMAX IS A DRIVE-BY-WIRE APPLICATION, AND FOR SAFETY PUR-POSES, THIS SENSOR HAS THREE REDUNDANT CIRCUITS 
FEEDING APP TO THE ECM. EACH OF THE THREE ACCELERATOR PEDAL SENSORS HAS ITS OWN 5-VOLT VREF (REFERENCE 
VOLTAGE) FEED AND SIGNAL RETURN.  APP 1 VOLTAGE RANGES FROM ABOUT 0.75 VOLTS AT CLOSED THROTTLE TO AS HIGH AS 
4.29 VOLTS AT WOT.  

APP 2 STARTS AT 4.29 VOLTS AT CLOSED THROTTLE AND OUTPUTS 2.98 VOLTS AT WOT.  

APP 3 RANGES FROM 3.98 VOLTS AT CLOSED THROTTLE TO 3.2 VOLTS AT WOT. 

IF ONE OF THE THREE APP SENSORS FAILS, THE ECM WILL STORE A CODE, BUT ENGINE OPERATION WILL BE NORMAL. IF TWO 
APP SENSORS FAIL, ENGINE PERFORMANCE WILL BE DEGRADED BY THE ECM AND DTCS WILL BE STORED. IF ALL THREE APP 
SENSORS FAIL, THE ENGINE WILL OPERATE AT IDLE ONLY. IN COMPARISON, FORD’S POWER STROKE USES ONE APP SENSOR 
AND AN IDLE VALIDATION SWITCH 

ACTUATORS 

INTAKE AIR HEATER  
TO PREVENT WHITE SMOKE ON START-UP FROM COOL INCOMING AIR, THE ECM WILL ENERGIZE THE INTAKE AIR HEATER FOR 
180 SECONDS AS NEEDED.  
ON THE POWER STROKE, THE INTAKE AIR HEATER IS ACTIVATED ONLY ONCE DURING A KEY CYCLE AND MAY FUNCTION ONLY AT 
LOW IDLE WHEN AMBIENT AIR AND ENGINE OIL TEMPERATURES ARE LOW AND THE GLOW PLUGS ARE OFF. 

GLOW PLUGS 
IF COOLANT AND AIR TEMPERATURE READINGS JUSTIFY GLOW PLUG OPERATION, THE ECM ENERGIZES THE GLOW PLUG RELAY, 
WHICH PROVIDES CURRENT TO THE GLOW PLUGS THROUGH A BUS BAR, BEFORE ENGINE STARTING AND FOR 30 SECONDS AFTER 
THE ENGINE IS RUNNING. CALIFORNIA TRUCKS ARE REQUIRED TO MONITOR GLOW PLUG OPERATION THROUGH FEEDBACK 
CIRCUITRY AND ARE WIRED DIFFERENTLY. THE GLOW PLUGS ARE BELOW EACH VALVE COVER. 

INJECTORS 
EACH INDIVIDUAL INJECTOR IS CONTROLLED BY THE ECM VIA A 93-VOLT DC SIGNAL FROM THE FUEL INJECTOR CONTROL 
MODULE (FICM). MOVING THE INJECTOR BLEED ORIFICE BALL OFF ITS SEAT REQUIRES 18 AMPS, BUT ONCE THE INJECTOR IS 
OPEN, 12 AMPS WILL HOLD THE BALL UP UNTIL INJECTION IS COMPLETE. THE HIGH AND LOW SIDE INJECTOR DRIVERS ARE 
MONITORED BY THE FICM FOR ERRORS, AND THE INFORMATION IS SENT VIA THE CAN BUS NETWORK TO THE ECM WHERE 
THEY’RE STORED FOR SCAN TOOL RETRIEVAL. THE ECM SENDS A SEPARATE SIGNAL TO THE FICM TO OPERATE EACH 
INJECTOR, AND THE ECM-TO-FICM CIRCUITS ARE MONITORED FOR PROBLEMS AS WELL. 

FUEL RAIL PRESSURE  
(FRP) REGULATOR 
MOUNTED ON THE HIGH-PRESSURE PUMP, THIS 12-VOLT, SPRING-LOADED REGULATOR IS NORMALLY OPEN AND IS CONTROLLED 
BY THE ECM. THE DUTY-CYCLE RANGE RUNS FROM 5 TO 95 PERCENT. IF THE FRP SENSOR INDICATES HIGHER PRESSURE THAN 
THE ECM TARGET FOR A PARTICULAR LOAD/DEMAND, THE LOW SIDE DRIVER DUTY-CYCLE WILL INCREASE TO LOWER THE 
PRESSURE. LOW PRESSURE WILL RESULT IN THE ECM REDUCING THE DUTY-CYCLE. UNPLUGGING THE SENSOR WILL DRIVE THE 
FUEL PRESSURE TO ITS HIGH LIMIT. A  
SHORTED CONTROL CIRCUIT WILL RESULT IN LOW PRESSURE AND A NO-START. BOTH THE 12-VOLT FEED AND THE CONTROL 
CIRCUITS COME DIRECTLY FROM THE ECM. 

EGR SYSTEM 
THE EGR VALVE IS A OLD-STYLE VACUUM-OPERATED UNIT. IT IS OPERATED BY TWO ECM-CONTROLLED VACUUM SOLENOIDS 
USING VACUUM PROVIDED BY A BELT-DRIVEN PUMP AND AN EGR THROTTLE VALVE TO GENERATE A MILD INTAKE RESTRICTION, 
SO THE EXHAUST GAS FLOWING THROUGH THE EGR VALVE WILL FLOW INTO THE INTAKE.  THE NEW 6.0L POWER STROKE USES 
AN ELECTRICALLY OPERATED THROTTLE VALVE FOR THIS SAME PURPOSE 
 


